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HARD DIFFRACTION AT CDF

A. Using rapidity gaps

1. Diffractive W Accepted by PRL
2. Diffractive Dijet Submitted to PRL
3. Diffractive Heavy Quark New result

B. Using a leading antiproton tag

1. Diffractive Dijet Production

2. Dijets in Double-Pomeron Exchange

Analysis completed
MC studies

Pomeron structure (?)

Analysis completed
MC studies
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Components of Diffractive Analysis
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Diffractive W Production

1. Hard-quark pomeron (34 (1 - 3))

e Prediction using the standard pomeron flux: {

2. Hard-gluon pomeron (68 (1 — 3))

‘

e Prediction using the standard pomeron flux: 1.1%

24% for two quark flavors
16% for three quark flavors
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W production (CDF preliminary)
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(a) Electron angle and charge doubly-correlated (solid) and anticorrelated
(dashed) distributions versus BBC multiplicity, and (b) the corresponding
asymmetry, defined as the bin-by-bin difference over sum of the two distri-
butions in (a). The diffractive signal is seen in the first bin as an excess of
events in the correlated distribution in (a), and as a positive asymmetry in
(b). An asymmetry is also seen in the first bin of the individual angle (c) and
charge (d) distributions.
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Pomeron { distribution for all Monte Carlo generated diffractive W events
(top histogram), for events with a central lepton (middle histogram}, and for
cvents with a central lepton which is (angle®@charge)-correlated with a BBC
multiplicity of zero, one, or two hits (bottom histogram).



Diffractive W Candidate Event
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RESULTS ON DIFFRACTIVE W PRODUCTION

e Diffractive to non-diffractive ratio:
=[1.15% 0.51(stat) O.20(syst)]% =(1.15% 0.55)%

e POMPYT prediction with standard pomeron flux:

Full hard-quark structure: 24% (16%) for two (three) quark flavors.
Full hard-gluon structure: 1.1%

e Hard-quark pomeron structure favored by the low fraction of diffrac-
tive W + Jet events observed.

o POMPYT prediction with renormalized flux:
Full hard-quark structure: 2.7% (1.8%) for two (three) quarL flavors.
Full hard-gluon structure: 0. 1%

o Hard-quark fraction of pomeron structure:

Using renormalized flux: f, = 0.4+0.2 (0.6 £0.3)) for two (three) quark
flavors.

e Compare with ZEUS: 0.2 < f; < 0.7

PR S



G)IFFRACTIVE DIJETSJ

000 00 00 O
0 O 000 0 O
® 00 00 o000

o000 o000 ® o

o 06 0 0° o °

9000 © e ©
o O o0 ®

e 6 © 00 o0
e 000 o000
o0 © o ©

® e o0 o000
o0 © o000 o

GAP

RAPIDITY




10000 F C
i 3000 |-
w - C
£ 7500 -
é 500 I 2000 1
o L N
E i _
2500 |- 1000 -
o i 1 o C 1 1 ' ] ! 1 , 2 1 ] l L 1 1
0 -4 -2 0 2 4
1)
ES (GeV) ,
- 3000 [
W i C
£ 2000 [ 2000 -
r;} 9 B
= 1000 |- 1000 I~
0 i~ L] ' 1 ] i 1 0 B i 1 1 1 ] ‘ 1 1 1.1 ! 1 ]
0 30 40 2 2.5 3 35 4
(GeV) ¢>1-¢2 (rad)
B 600 [
£ 2000 - C
z - 400
> " E
g 1000 F 200 [
! C
0 U AT TS T S WO R A W - 0
0 10 20 30 4 3
3)
ES (GeV) M,

FIG. 1. (top) Leading jet transverse energy and pseudorapidity; (middle) difference between
the transverse energies and azimuthal angles of the two leading jets; (bottom) third jet (Eg? )>5
GeV) transverse energy and pseudorapidity (solid/dashed line for events with the two leading jets

at positive/negative 7).
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FIG. 2. Beam-beam counter multiplicity (BBC hits) versus forward calorimeter tower multi-

plicity in the pseudorapidity regions 3.2 < |gpc)| < 5.9 and 2.4 < In(rowER)| < 4.2 opposite the

dijet system.

16



_—-] LI ] T 1 1 l LI L) ' L l T 1 l—:

75 H ]

N - ;
o= = -
5 50 [ —
Z _ ]
= - .
25 G 3
|v||g L - r L _;

0 002 004 006 008 0.1

& OF POMERON
Figure 1: Pomeron ¢ distribution for diffractive dijet events with jet Er > 20 GeV and
1.8 < |nj < 3.5 generated by POMPYT using a hard-gluon pomeron structure. The shaded

area represents the subset of Monte Carlo events with zero BBC and forward calorimeter
multiplicities, corresponding to the data in the (0,0) bin of Fig. 2.

ACCEPTANCE CORRECTIONS

Rapidity gap acceptance 0.70 = 0.03
Single-vertex efficiency (ND) 0.58 = 0.05
Single-vertex efficiency (SD) 0.86 = 0.03
BBC&®FCAL live time 0.85 £ 0.02

RESULT

Rgyy = [0.75 £ 0.05(stat) £ 0.09(syst)]% = (0.75 & 0.10)%
(Eft > 20 GeV, |n}iet > 1.8, mn2 > 0, € < 0.1)
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FIG. 3. Comparison of diffractive (solid) with normalized non-diffractive (dashed) event dis-
tributions: (a) average pseudorapidity, (b) average transverse energy and (c) azimuthal angle
difference of the two leading jets, and (d) transverse energy of the third jet. The diffractive event

sample is from the 0-0 bin of Fig. 2, which contains approximately 20% non-diffractive background.
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The Third Jet

Fraction of events with a third jet of Er > 5 GeV

Event sample Fraction Pomeron structure

Diff. data 0.45

Non-diff. data 0.73

T 0.62 & 0.05

non—dii. data

nogﬁfdii\fgij\ic 0.38 (fg =0, fg= 1)
HE. MC
e MO 0.89 (fg=0, fg=1)

rSe 0ME011 (f=0.7£02, fi+f=1)
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MOMENTUM FRACTION OF HARD PARTONS IN POMERON

0 o1 02 03 04 05 06 07 08 09 1

GLUON FRACTION OF HARD PARTONS IN POMERON

FIG. 5. Momentum fraction versus gluon fraction of hard partoné in the pomeron evaluated
by comparing measured diffractive rates with Monte Carlo predictions based on the standard
pomeron flux and assuming that only hard pomeron partons participate in the diffractive processes
considered. Results are shown for ZEUS (dashed-dotted), UA8 (dashed) and the CDF-DIJET and
CDF-W measurements. The CDF W result is shown for two (dotted) or three (solid) light quark
flavors in the pomeron . The shaded region is used in the text to extract the quark to gluon fraction

of the pomeron and the standard flux discrepancy factor.
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(b)Background shape fitted

Figure 1: (a)Correlation of Nppc, and Ntowers in the same rapidity side.
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West and east side is overwritten in one plot.

with NBBC> 0 and Ntowers> 0.
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Figure 17: (a)Er spectrum of the diffractive electron candidates with SVX
track (solid) and non diffractive low multiplicity sample(broken). The frac-
tion of diffractive heavy flavor is estimated to 60%. (b)n distribution of the
diffractive electron candidates with SVX track (solid) and non diffractive low
multiplicity sample(broken). East gap events are overwritten with fliped sign.
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Roman-Pot Triggered Data

Data Sample
Tevatron run 1C (Fall/Winter 1995/96)
1800 GeV special low luminosity (few 10¥cm=2s71)
2.8 million diffractive triggers

Event Selection
single vertez — remove multiple interactions
0.05 < € < 0.10 and || < 1 GeV2— good roman-pot acceptance
two jets with Er > 10 GeV — definition of dijets

After Cuts
2 million roman-pot triggered events (inclusive)

2500 diffractive-dijet candidates E,» /10 GeV

Diffractive Topology Evidence
rapidity gaps in forward detectors on pot side
lower center-of-mass energy
event is boosted away from Roman pots
¢ is correlated with Mass and 742
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Diff —dijet Candidates Rapidity—Gap Evidence
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Roman Pot Dijets £,>10 GeV
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0 200 ¢ 500 —
S 180 F 450
© 160 | el ] h 400
o 140 F ; i 350
5120 F - # il 300
0 o O -y
€ 100 F M gl 250
2 80 F K } ;1‘,‘ 200
0 F ++ Ly 150
w0 F 5o } 100
20fF &t ot 50
O i__h‘]-_-..jgi ' B! | l-eu.l O :
. 0 2 4 —4 -2 0 2 4
Data Mean 7 POMPYT MC Meann
I”E - _ ---- Min Bias —_ hord—dgfl]yon
- ."i o -7 non—at
g i ¢ 5 + Roman Pot - : o oesees soft—gluon
® 2 - £, B -
w 10°F : =Y 2 - hard—quark
O = ’ 109
N - 8, :
3 - k -
£ : -
e 0F ﬁ 10 E
1 : 1k
Elllllllllllllllllll 1 lillIlllLllllLi";
0 10 20 30 40 50 O 10 20 30 40 50

Data Lead Jet E; (GeV) MC Lead Jet E; (GeV)



B SO

number of events

number of events

N
o)
o

N
o
o

150

100

50

o

103

10

Roman Pot Dijets E;>10 GeV

(E,>10 GeV, 0.05<¢<0.10, tI<1 GeV?)

[+

Min Biosi
Roman

Pot **

O'TITTTI11|1IITT1]ITTTIII

. "} H-nl .
g VL m’*’“‘"
2 4 6
Data ¢,—-9,
b, ---- Roman Pot Incl.
+ Roman Pot Dijets
E s
-
o
-
E
S
: I
— : I
':n AT AN F==1=ro=t=r1-r="1
0 1 2 3 4
It (GeV?)

700
600
500
400
300
200
100

0

160
140
120
100
80
60
40
20

CDF Preliminary

— —hard—-G
- 5 === Non-Dif
— IR soft—G
F oo hard—Q
0

POMPYT MC ¢,—9,

dijets

F .- incl w
3 .i ¥
- E :
I i
E'g.‘i:#l A T I..'ll [ S
0 0.05 0.1 0.15

£ for diff—dijets



Dijet Data

Monte Carlo generation with CDF detector simulation

POMPYT Hard Gluon (Quark) with 68(1 — ) pomeron®
POMPYT Soft Gluon with 6(1 — 8)° pomeron #
PYTHIA non-diffractive ¢ srndard Slux _:1

Dijet Rates
Correct dijets for selection efficiency and 0.18% of inchuive
normalize to inclusive Roman pot events.
Opot = 0.64 mb (1/3 pomeron-induced) for 0.05 < £ < 0.10
O potjet ™ 1/J'b
Present Diffractive/non-Diffractive Ratio

Ratio reduces normalization problems for data and Monte Carlo.
Diff /non-Diff ratio = [0.109 & 0.003(stat) % 0.016(syst)]%

it
E. 710 GelV
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Figure 3: Roman pot 7 GeV dijets: east BBC versus towers (2.0 < 7 < 4.2). There is
a clear excess of events with BBC=0 and tower=0 which is interpreted as the double
pomeron signal.
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Double Pomeron Dijet Results

Roman pot trigger: 0.05 < ¢ <0.1 0< |t] < 1GeV?
Dijet Er > 7 GeV

e Ratio of single diffractive to non-diffractive rates.

RSD/ND = (160 + 0.02 + 024) X 10—3

e Ratio of double pomeron to single diffractive rates

Rpp/sp = (1.70 £ 0.36 & 0.24) x 10~°

e Ratio of double pomeron to non-diffractive rates

Rpp/np = (2.7£0.6 £0.6) x 107°



SUMMARY OF HARD DIFFRACTION RESULTS

1. Diffractive W Production
Rw = (1.15 £0.55)%

(€ <0.1)

2. Diffractive Dijet Production
Regy7 =(0.75 £ 0.10)%

(B3 > 20 GeV, |77 > 1.8, mm2 > 1, £ < 0.1)
3. Diffractive Heavy Quark Production

Rgo = 0.18 + 0.03(stat)%

5. Dijets with E* > 7 GeV in:

Single Diffraction (SD): 0.05 < ¢ < 0.1

Double-Pomeron Exchange (DPE): 0.05 < §; < 0.1, {&2 ~ &
Non-Diffractive events (ND)

DPE/SD [0.170 + 0.036(stat) £ 0.024(syst)]%
SD/ND  [0.160 % 0.002(stat) £ 0.024(syst)]%
DPE/ND (2.740.7) x 107°

The Structure of the Pomeron

1. The low fraction of diffractive W + Jet events observed indicates
the presense of a hard quark component in the pomeron structure.

2. From Rw and Ry, the hard gluon content of the pomeron is deter-
mined to be (independent of the pomeron flux normalization)

f,=07+0.2




